Building up human capital and other complementarities may be important in the link between exports of manufactures and economic growth. On the other hand, managerial strategies that push for export promotion may be important, too. Though both may yield non-linearities in the link between exports and growth, the associated patterns differ. In this paper we take an aseptic, empirical view in the link between these two variables and the possible nonlinear links. Since direct testing for non-linearities in panel data may yield non-significant results although they may actually be present, we propose a very simple method that may serve as a first approximation to uncover such non-linearities. We also take into consideration endogeneity and reverse causality problems (Arellano and Bover, 1995) , and definitional problems in our variable of interest. In fact, we use a panel of 96 countries for the period 1960-1995 and find evidence consistent with the presence of non-linearities. We apply formal sensitivity analysis and confirm the results. JEL classification codes: 039, 040
I. Introduction
The mechanisms by which exports of manufactures may affect growth have been described in previous research in recent years. Increased exports may lead to greater capacity utilization, adoption of efficient technologies, increasing returns to scale, and higher foreign exchange in order to import superior capital goods and raw materials (Levin and Raut, 1997) . On the other hand, theoretical research shows that non-linearities may exist in the link between technological development and economic growth. In fact, it has been argued that in exports of goods with relatively high technological content, such as manufactured goods, a certain critical mass of exports may have to be reached first before higher rates of growth can be obtained.
1 This because even though new technologies that help produce exportable manufactures may be readily imported, building up the skills of the labor force and preparing the administrative systems needed in order to optimize the use of such technologies may take considerable time. Complementarities between new technologies and human capital, and other factors may be important. Similarly, the acquisition of new technologies in the form of equipment and machinery may not be translated in the production of exportable goods that are competitive enough in international markets immediately. There may exist a delay, incubation, or adjustment period, between the production of exportable manufactures and the actual increase in the rates of growth. Also, at some point, spillover effects among related technological sectors may occur, which may help increase the rates of growth through the improved production of other exportables, too.
2 In simple terms, this view argues that the linearized 1 Lucas (1993) poses the idea that East Asian countries managed to grow for a long period of time eluding any decreasing tendency of learning by doing saturation by changing products periodically. To some extent, non-linearities may be understood in such a context, too.
link between manufactured exports and economic growth has two basic segments; in the first the slope is expected to be rather flat while in the second segment, the corresponding slope is expected to be bigger. 3 However, unlike the above theory, the conventional wisdom is that structural change, or non-linearities, at least in the case of manufactured exports, may follow quite a different pattern. According to this conventional wisdom, structural changes, if any, appear near the end of the life cycle of a product, when returns become more difficult to obtain. In fact initial increases in manufactured exports may be linked with increases in the rates of growth until a critical mass is reached and the good becomes less profitable. At this point the rates of growth become lower and more stable. In this case an observed structural change may be such that initially higher rates of growth may be followed by lower ones, as products stabilize in foreign markets. Unlike the theoretical arguments described previously, this view argues that either the link between manufactured exports and economic growth has a first segment with a relatively large slope and a second segment with a flatter slope, or perhaps even a logarithmic, concave pattern. This view appears to be consistent with the "managerial approach" applied in several East Asian countries in past decades, and in more recent times, in some Latin American countries such as Chile. In these cases policymakers have been made aware of the potential importance of management strategies in the approach to use exports successfully as a tool in order to maximize the growth prospects of a country. Among others, these strategies include international distribution agreements, marketing arrangements, vertical production processes, and aggressive pricing strategies. According to the conventional wisdom the penetration to new foreign markets typically requires this kind of specific international business expertise in order to help increase market share in foreign motorcycles may also be employed to produce other mass transportation vehicles later. (Azariadis and Drazen, 1990) . markets, sometimes even at the expense of short-run losses. 4 The interest of this research is to focus on the common link of the above views. That is, we test for possible existence of non-linearities in the relationship between manufactured exports and economic growth but we take an agnostic approach, and do not assume that any one approach will predominate over the other. That is, we do not assume ex-ante that a critical mass of exports is required in order to achieve higher rates of growth, nor do we assume that countries will first achieve high rates of growth and at a critical threshold such rates will experience a structural break or will tend to stabilize. We propose a very simple methodology that gives basic clues on the possible shape of the pattern between manufactured exports and economic growth that could serve as the basis to more in-depth study of such non-linearities, if any. The idea is to use a spline regression approach and estimate a series of conjectured structural breaks in a systematic way and test whether such breaks are statistically significant. To avoid the risk of being over-ambitious the aim of this paper is simply to test whether there exist non-linearities in the relationship between exports of manufactures and economic growth, and not to uncover the specific shape or location of such non-linearities, if any. As explained below, we view our method as an effective tool that may serve as a stepping stone for more sophisticated methods.
Additionally, we employ recent panel data econometric techniques in order to alleviate for potential endogeneity or reverse causality, and use a sensible empirical definition of manufactured exports. With respect to the first it should be said that in spite of its abundance, most of the existing empirical literature has been criticized on the grounds that not only does exports contribute to economic growth, but also on the fact that growth may very well increase exports. This has been a common concern among researchers that try to test the link between trade measures and economic growth. As described by Rodrik (1993) , Frankel and Romer (1996) , and others, appropriate instruments are extremely hard to come by, which translates in results that may not be credible.
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More recently, new econometric procedures have been developed in order to deal with this problem and have been applied to an ample array of topics.
6 In this paper we use some of those recent econometric techniques applied to panel data in order to minimize for such problems. In particular, the estimator we use employs jointly the regression equation in both differences and levels, each with its specific set of instrumental variables. (Arellano and Bover, 1995; Blundell and Bond, 1997) . The consistency of our Generalized Method of Moments estimator depends on whether the lagged values of the explanatory variables are valid instruments in the regression. To test for this we use a Sargan test of overidentifying restrictions, and a serial correlation test (Arellano and Bond, 1991) . Regarding an appropriate definition of manufactures, we focus on goods that embody relatively high levels of technological knowhow. If non-linearities exist, it is expected that they would be more clearly observable when more potential complementarities between human capital and technologies may be required. As explained above, it is reasonable to believe that this may occur more clearly in relatively high tech goods. Since we are concerned in studying developing countries as much as developed ones, choosing the more appropriate categories becomes a difficult task. We use a relatively wide array of possible definitions of manufactures with relatively high technological content, by using the SITC classification and follow related work along the same basic lines by Klodt (1990) and Patel and Pavitt (1990) .
Unlike the recent work of, among others, Rodríguez and Rodrik (1999) who analyze the related issue of consequences of trade policies on growth (and find no significant relationship between them), we focus on trade (i.e., exports) volumes and growth.
7 Conceptually our work may be seen as somewhat related to that of Frankel and Romer (1999) who use geographical variables as instruments in order to identify the effects of trade volumes on income levels in a simple cross-section of countries. In fact, they find that the former has a moderately significant effect on the latter. However, from a methodological perspective, our research may be seen as somewhat related to that of Harrison (1996) who uses measures of trade policies in a panel of countries. Although she finds that the black market premium, some subjective measures of liberalization, and a measure of tradable to international prices display a significant relationship with growth, this author finds no significant relationship between measures of trade volumes and growth. It has been claimed that one weakness in Harrison's approach lies precisely in the potential endogeneity problems between her trade policy measures and economic growth (Chong and Zanforlin, 1999) .
The paper is organized as follows. The next section provides a brief review of the relevant literature. We pay some attention to theoretical research by Azariadis and Drazen (1990) . The third section describes the methodology and the data employed. In this section we explain the Generalized Method of Moments panel data methodology employed as well as the simple spline approach used. The fourth section presents sensitivity analysis, and the last section summarizes and concludes. Additionally, Appendix 1 contains a more detailed explanation of our econometric method. Azariadis and Drazen (1990) provide some theoretical support for the hypothesis that new technologies will impact output growth once a certain threshold is reached. If an economy reaches a critical mass of technology, rates of growth will accelerate as the economy moves from one locally stable low growth equilibrium to another where the growth rates and the technological stock are higher. The aggregate production possibilities of the economy increase. This argument is based on the existence of increasing social returns to scale that become pronounced when certain economic variables attain a certain critical mass or threshold. Azariadis and Drazen provide a simple illustration in the context of the Diamond (1965) neoclassical model. In particular, they augment Diamond's model to include technological externalities and a threshold property to permit returns to scale to rise rapidly whenever certain variables take on values in a relatively narrow critical mass range. The technological externalities that they consider are typically spillovers from the stocks of capital and increases in labor quality due to training, along the lines of the endogenous growth literature. The existence of threshold effects, gives rise to "radical differences in dynamic behavior" as a result of "local variations in social returns to scale." This arises as a result of technological externalities. In the case of quality of labor, examples are setup costs and preparation time invested prior to the use of new technology, so that the more you invest, the higher the social returns due to the externalities. This leads the economy to shift in a step-wise pattern along a series of locally stable equilibrium. Levin and Raut (1997) have pursued empirical work along these lines. These researchers show that training is necessary for foreign technology to be efficiently adopted. They explain how this process requires more specialized human capital by using a panel of thirty semi-industrialized developing nations between 1965-84. Levin and Raut find that growth is promoted when investing in human capital and exports in manufactured simultaneously. To do this they assume complementarities between exports and skills. Similarly, Chong and Zanforlin (1999) show that there appears to be a logistic link between imported foreign technology and output when using a panel of 88 countries for the period 1960-1995. In a first stage, new imports of equipment have little or no effect on output and growth rates. Later, the impact of the newly acquired technology becomes more apparent. In a final stage, the marginal benefits of the new technology are fully taken advantage of and the rates of growth stabilize. These researchers explain that the increase in growth rates not only as a result of higher productivity due to the introduction of technology, but also because of potential domestic spillovers that are produced, since the mastering of one specific technology may also benefit other domestic industries.
II. Brief Review of the Literature

III. Methodology
We apply a simple empirical methodology to explore for non-linearities in our variable of interest, manufactured exports. Using a standard growth specification we run a spline regression using a dummy variable which we place arbitrarily along the values of our variable of interest, exports of manufactures as a percentage of gross domestic product. Applying this simple method yields two slopes, one that covers the range from the origin to the conjectured location of the threshold, the other from such a point to the highest value of our variable of interest. If the difference of these two slopes is statistically significant we will have evidence of the presence of a non-linearity in the form of a structural change. We repeat this exercise by systematically moving the dummy variable, representing a different conjectured structural break, along a wide range of values of our variable of interest. A pattern will emerge. Thus, the resulting path of slopes of this repeated estimation of growth equations gives an idea on the shape of the link between the exports of manufactures and growth. Figure 1 illustrates a purely hypothetical case when there is a structural change in X, in exports of manufactures. When we assume an arbitrary conjectured structural break in B, regardless of whether it is the 'true' structural break or not, the dummy variable in the growth regression may yield an statistically significant difference in slopes AB and BD. Notice that although a non-linearity has been identified in the link between exports of manufactures and growth, such is not the "true" structural break. Moving the conjecture to the right of B will yield decreasing measures of the first slope while moving the conjecture break to the left of B will yield increasing measures of the first slope. Thus, this methodology provides clues on the, in fact, concave shape of the non-linear link between the variables. We believe this method has some advantages. First, it is simple. Second, as mentioned, it allows to take an agnostic approach to uncover possible non-linear shapes between the variable of interest and the dependent variable, but it does not require an a-priori knowledge of the location of any inflection points. The information gained using this method, serves as a first step in order to use more sophisticated approaches as it may help provide clues on the vicinity of possible inflection points.
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Figure 1. Structural Change in Exports of Manufactures and Growth
9 Specification (4) also includes time dummies. Also, the juncture where the second slope begins cannot be estimated directly. We follow an artifice to by calculating the second slope using the variable Threshold * [TECHX -Threshold].
IV. Data and Estimation Methods
We use log-linear growth regressions for the period 1960-1995 along the lines of standard Barro-type specifications (Barro and Lee, 1993) . We construct five-year intervals and in most cases take averages for the period. Our basic reduced form is:
where the dependent variable, GRT, is the real per-capita GDP growth rate, and is constructed as the differences of the log values of per capita GDP averaged over each period.
LGAP is the natural logarithm of the ratio of a country's per capita GDP to the per capita GDP of the United States and represents the speed of the catching up process with respect to the technology frontier, as argued by De Long and . SCHL represents the average years of schooling in the population (Barro and Lee, 1993) . LABG is the rate of growth of the labor force, proxied by the average growth rate of the population. The sources of the above variables are the Penn World Tables, Mark 5.6 from Summers and Heston (1991) , Barro and Lee (1993) , and the World Bank (1997).
As explained above, our variable of interest is exports of manufactured goods that embody relatively high technological content. Following Klodt (1990) and Patel and Pavitt (1990) , we use the United Nations' Yearbook of International Trade Statistics to identify sectors that embody a relatively high degree of technology, but low fixed capital costs, and minimum requirement of skilled labor in the production process, as is typical in developing countries, as we are interested in having a sample that includes a reasonable number of observations from developing countries, too. With these simple criteria, the activities in the SITC classification that best match our data requirements are those in category 7 and a few in category 8. 10 Since there may be some controversy on the 'correct' proxy we use a wide array of proxies, five in total, each defined as total exports of the chosen SITC categories as a percentage of GDP.
11 On the other hand, we use a balanced panel that covers 96 countries. The advantages of using a panel are clear as the time-series dimension and country specific effects can be better accounted for. The problem, similar to typical cross-country growth regressions, has to do with the fact that there might be endogeneity in some of the controls in particular in our variable of interest, TECHX. Simply assuming that such a variable is strictly exogenous might lead to inconsistent regression estimators. To avoid these problems, we assume weak exogeneity of the explanatory variables.
12 This allows for the possibility of dealing with issues related with simultaneity and reverse causation by using some recent econometric techniques. Our preferred method of estimation is the generalized method of moments estimator for dynamic models of panel data introduced by Arellano and Bover (1995) and Blundell and Bond (1997) . This estimator employs jointly the regression equation in both differences and levels, each with its specific set of instrumental variables. It is called the GMM 'system estimator' to underline its characteristic of joining in a single system level and difference specifications. The consistency of the GMM estimator depends on whether lagged values of the explanatory variables 10 Appendix 3 details the different SITC categories employed and thus it provides the precise definition of the different technology export variable used.
11 Although the use of a broad array of proxies may provide additional information and sensitivity analysis, we agree that this approach has still some weaknesses that derive from the fact that there is no agreed standard upon what exactly 'high embodiment of technology' is.
12 Weak exogeneity in the sense that they are assumed to be uncorrelated with future realizations of the error term. This weaker assumption means that current explanatory variables may be affected by past and current realizations of the dependent variable but not by future ones.
are valid instruments in the growth regression. To address this issue we consider two specification tests suggested by Arellano and Bond (1991) and Arellano and Bover (1995) . The first is a Sargan test of over-identifying restrictions, which tests the overall validity of the instruments by analyzing the sample analog of the moment conditions used in the estimation process. Failure to reject the null hypothesis gives support to the model. The second test examines the hypothesis that the error term is not serially correlated. We test whether the differenced error term (that is, the residual of the regression in differences) is first, second, or third-order serially correlated. First-order serial correlation of the differenced error term is expected even if the original error term (in levels) is uncorrelated, unless the latter follows a random walk. Second-order serial correlation of the differenced residual indicates that the original error term is serially correlated and follows a moving average process at least of order one. If the test fails to reject the null hypothesis of absence of second-order serial correlation, we conclude that the original error-term is serially uncorrelated and use the corresponding moment conditions.
13 Appendix 1 gives a formal explanation of the econometric procedure employed and tests. Table 1 presents summary statistics of each of the five exports proxies used in this paper.
V. Results
14 As explained above, the idea of using a wide array of proxies for exports of manufactures with high technological content, is consistent with the fact that there is not one single 'correct' definition, in which case a pragmatic, more empiricist approach seems reasonable. However, the simple correlation among the five proxies is, as expected, high and it ranges from 0.88 (TECHX 1 and TECHX 5) to 0.99 (TECHX 4 and TECHX 5). The simple correlations of the proxies with growth are not high though, and range from 0.14 (TECHX 1) to 0.17 (TECHX 5). Table 2 to Table 6 present our results for each of our manufactured exports proxies using the Arellano and Bover (1995) generalized method of moments "system estimator" technique, as described in the previous section and in Appendix 1. 15 The tables report the results of using an arbitrary conjectured structural break point along the range of values of the TECHX proxies according to specification (1). We report the resulting slopes, and check whether the difference in slopes is statistically significant. Additionally, we report the Sargan and serial correlation tests associated with the Arellano and Bover (1995) technique. In fact, Sargan tests of over-identifying restrictions and second and third-order serial correlation tests show that the instruments employed are appropriate.
As explained above, since we use systematic values of conjectured structural breaks along the range of the values of our variable of interest, at almost all conjectured structural breaks, all the TECHX definitions yield statistically significant differences in slopes. We find that the larger the conjectured break, the smaller the first slope (the one that goes from zero to the conjectured value), while the resulting second slope (the one that begins at the conjectured break to the right) though still positive and statistically significant, remains stable. The difference in slopes, though always statistically significant (for all the proxies employed) becomes smaller the higher the conjectured break. For example, at a conjectured change of 0.002, the difference in slopes is -15.7, but it becomes -0.6 at a conjectured break of 0.025. This is consistent with a non-linear pattern between exports of manufacturing and growth. Exports of manufactures appear to have an initial large impact on rates of growth to later become stable. Though this simple method cannot provide definitive evidence on the exact nature of this nonlinearity, it is consistent with a concave link between the variables. 16 Aggressive strategies, such as pricing, management, distribution, and marketing tools appear to yield rapid increases in the rates of growth. After a while they appear to stabilize to their long run values. 
VI. Robustness
Sala-i-Martín (1997) argues that the well-known sensitivity analysis by Levine and Renelt (1991) is too strict. If one single regression in which either the sign of the coefficient of the variable of interest changes, or the statistical significance of such a coefficient varies, the relationship is considered not robust. This researcher develops a robustness test by looking at the entire distribution of the estimator of the variable of interest by focusing on the fraction of the density function lying on each side of zero. 18 Given that zero 19 We use thirty ancillary variables, which by using Levine and Renelt method, yields 4,060 regressions. The set of variables consists of measures of health and quality of life (access to health care, access to safe water, access to sanitation services), measures of urbanization (urban population growth rate, urban agglomerations), government transfers, public sector employment, participation of female workers in the labor force, several measures of education quality, measures of political violence, several macroeconomic measures, and others. 20 The weights are where L i, j are the integrated likelihoods.
divides the area under the density in two, this researcher denotes the larger of the two areas, cumulative distribution function [cdf(0)] regardless of whether it is above or below zero. Assuming that the distribution of our coefficient of interest, institutional quality, is non-normal the cdf(0) is computed as follows. First, similar to Levine and Renelt (1991) , we test the benchmark specification for all possible three-combinations of ancillary variables. We compute variance, integrated likelihood, and individual cdf(0) for the difference in slopes for each conjectured structural break. 19 Second, we compute the aggregate cdf(0) for the measure defined as the weighted average of all individual cdf(0)s where the weights are the integrated likelihoods. 20 The structural break is said to be robust if the weighted cdf(0), is greater than or equal to 0.95. Results are reported in Table 7 . We report the aggregate cdf(0) under the restrictive assumption of non-normality. In fact, we find that there is robust evidence on the presence of structural breaks, especially in the lower conjectured breaks. For instance, for a conjectured break of 0.0020 the difference in slopes obtained in Tables 2-6 (for each of the TECHX proxies) yield a robust result at one percent. We obtain similar results for most conjectured breaks except the higher ones (e.g., 0.025).
VII. Conclusions and Agenda for Future Research
In this paper, we confirm previous empirical evidence along the lines that manufactured exports are positively associated with long term growth. This, when controlling for reverse causality and endogeneity in the growth variable in a panel data of countries for the period 1960 and 1995. The main question of this research, that there might be non-linearities in exports of manufactures and economic growth, also appears to be confirmed as we obtain such a finding for a broad range of exports of manufactures proxies and when sensitivity analysis is applied. Though our simple method gives some indication on the shape of the non-linearity, such method should not be seen as an approach to uncover the exact non-linear relationship between variables, but as a first approximation in order to use additional, more sophisticated, methods. We believe such contribution is not trivial, as it may well occur that testing for non-linearities in panel data with more "direct" methods may yield statistically non-significant or non-robust results although non-linearities may be present.
In fact, we find barely statistically significant evidence of non-linearities between exports of manufactures and growth when using a logarithmic specification, although our indirect method provides evidence on some type of non-linearity. Perhaps, a future research agenda should include a more indepth study on the shape of the non-linearities between exports of manufactures and economic growth we have uncovered. New questions that remain unanswered are: what is the exact shape of the non-linearity? 21 Are thresholds present? More fundamentally, if there is a threshold level of exports, what reasons do we have to believe that it is the same across countries? Why would a group of countries share a similar threshold ratio beyond which growth accelerates or slows down? Hopefully, we have provided some clues that may help answer these and other related future questions.
Appendix 1
We formulate a set of moment conditions that can be estimated using GMM techniques in order to generate consistent and efficient estimates. We assume that the error process {ε i, t } is serially uncorrelated and use a first differences specification of N individual time series and T periods so that,
where, by construction, the error term and the lagged-dependent variable are correlated. In order to achieve the desired parameters we follow previous research and assume the presence of unobserved effects and weakly exogenous regressors. Our first assumption states that {ε i,t } is serially uncorrelated, i.e. E(ε i,t ε i,s ) = 0 for t ≠ s. For T ≥ 3. This assumption implies the following linear moment conditions:
The assumption of weakly exogenous regressors states that E[x i,t ε i,s ] = 0 for s > t. Hence, for T ≥ 3, this assumption implies the following the additional linear moment conditions:
Our moment conditions, equations (6) and (7), can be written in the following vector form: E[ Z i ' ζ i ] = 0, where the instrument matrix, Z i , is a matrix of the form Z i = diag ( y i,1 … y i,s , x i,1 … x i,s ), s = 1, 2,…, T-2, and the errors of the first-differenced equation is
The estimator of the k x 1 coefficient vector θ = (α β')' is given by:
22 Note that number of columns of Z i , e.g. matrix of rank column M, is equal to the number of available instruments.
, where X is a stacked ( when Ω is chosen such that V = E[Z i 'v i v i 'Z i ] we obtain the most efficient GMM estimator for θ. This covariance matrix may be consistently estimated using the residuals obtained from a preliminary, consistent estimation of θ. We first assumed that {ε i,t } is independent and homoskedastic both across units and over time. We relax such assumptions across units and use the residuals obtained in the first step to construct a consistent estimate of the variance-covariance matrix of the moment conditions. This matrix, denoted by Ω 2 , becomes the optimal choice of Ω and is used to re-estimate the coefficients of interest. Here,
η are the residuals estimated in the first step. Given the fact that persistence of lagged dependent and explanatory variables over time might generate inconsistent estimates which may have adverse consequences on both the asymptotic and small-sample performance of the difference estimators, we use an estimator that complements the moment conditions above applied to the regression in differences, with appropriate moment conditions applied to the regression in levels (Arellano and Bover, 1995) . We obtain a system estimator that combines the regression in differences with the regression in levels. Here, the instruments for the regression in differences are the lagged levels of the corresponding variables and the moment conditions in equations (6) and (7) apply to this first part of the system. The instruments for the regression in 
levels are the lagged differences of the corresponding variables, being these the appropriate instruments under the assumption that the error term ε is not serially correlated, and that although there may be correlation between the levels of the explanatory variables and the country-specific effects, there is no correlation between the differences of these variables and the specificeffect. Thus, this yield the stationary property E [ y i,t+p µ i ] = E [ y i,t+q µ i ]; for all p and q, and E [ X i,t+p µ i ] = E [ X i,t+q µ i ]; for all p and q. The additional moment conditions for the second part of the system (the regression in levels) are given by E [(y i,t-s -y i,t-s-1 ) (µ i + ε i,t )] = 0; for s = 2, E [(X i,t-s -X i,t-s-1 ) (µ i + ε i,t )] = 0, for s = 1. Finally, we use Sargan tests to verify the overall validity of the instruments and serial correlation tests to examine the hypothesis that the error term in the differenced regression ε i,t -ε i,t-1 , is not second-order serially correlated, which implies that the error term in the level regression, ε i,t , is not serially correlated. 
